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論文内審要旨
ChapterlGenerallntroduction
Organicsecond-ordernonlinearopticalmaterialshavebeenextensivelystudiedby
 theoreticalandexperimentalmethods,since七heyhavebeenexpectedtobeusedasfrequency
doubler,electro.opticmodulatorandphotorefractivemedia.Thefocusofrecentresearchhas
 beenonconjugateddonor-acceptor-substitutedorgan玉cs,becausethedelocalizedπ一electrons
ofthesemoleculesgiverisetolargeelectronichyperpolarizabilities.Thelargedelocalization
 oftheπ一electronsoforganicconjugatedmoleculesinducescooperativeeffectsandproduces
 verylargenonhnearresponses.However,nonsubstitutedconjugatedmolecuユesassoas
benzeneareoftencentrosymmetricandthecontributionofthedelocalizedeiectronstoβ
vanishes.ThequadraticpolarizabilityoftheconjugatedmoleculesLhusarisesfromthe
 dis七〇rtionoftheπ.electrondistributioncausedbyoneormoresubstiLuents.Themagni七ude
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 andsignofむheeffectsdependonboththenatureandthenumberofsubstituentsaswellas
 thelengthoftheconjugatedsystem.Theroleofmesomericin七erεlctionresultingin
 intramoiecularchargetransferbetweenconjugateddonorandaccepむersubstituentsare
thoughttobeimportantinorganicconjugatedmolecules.Rowever,thetrade-offreiationship
 betweenβvaluesandabsorptionwavelengthsoforg・anicπ一conjugaむedmoleculeshavebeen
 shownclearlybymanypreviousstudies.Thisrelationshipiimitstheapplicatio且oforganic
 ma七erialsandtheycouldno七beusedasfrequencydoublerorEOmodulationforlaserdiode.
 Becausetheorganicmaterialswithlargerκ121andshortabsorp七loncutoffwavelengLh
 (λ、、、し。ff<400um),whichisneededforapplicatiouofdiodelaser,couldnotbeobtained,in
 order七〇breakthetrade-offrelationship,Ifocusedonorganicionsspeclesandtheirrelate(i
compounds.
Althoughlargemacroscopicsecond-orderopticall/onlinearityofmanyorganicionic
crystalshavebeenreported,theirmicroscopicsecond-orderopticalnonlinearity,β,havenot
 yeLbeenexperimentallyfiguredout,because七heweil-knownEFISHmethodisnoしapplicable
 toionicspecies.Thus,formoreimprovemenむofopticalnonlinearities,itisimportanむto
 studythesecond-orderhyperpolarizabihties(β)oforgεlnicπ一conjugatedions,andtoflnd
 theoriginofβoforganicπ一conjugεしtedionicmoleculesan(iclεlrifythepossibiliしyofionic
speciesoforganicsfornonlinearopLicalmaterials.
Thepurposesofthisworkarelistedfollows:
 LEvaluatingthesecond-orderhyperpolarizabilitiesoforganicπ'一conjugatedionicmolecules.
 2.Enhancingourun(iers七andingonLhemechanismoftheorganicπ一conlugate〔iionic
moleculeswithlargeβvalues.
 3.Designingtheorganicπ一conjugεしtedionicmoleculeswiLhlargeβvalues.
 4.Investigatingtheinfluenceofsurroundingstomolecularβvalueoforganicπ一conjugated
ionicmolecules.
 5.Figuringouttheguidelinetobreakthe七rade-offrela七ionshipbetweentheβvaluesand
 absorptionwaveleng出soforganicπ一conjugatedmolecules.
 Chapter2EvaluationMethodofMolecularOp定icaINonlinearity
Theevaluationmethodsusedinthisworkisintroduced.BecausethehyperRayleigh
scattering(HRS)method'usedinthisstudyisthenewestandonlytechniquetoevaluateβ
 valuesofionicspecies,the七heory,experimentalset-upandevaluationprocedureare
 〔iescribe(iindetai1,anditsadvantagesan(ilimitaしionsarepointe(iout.Astheoretical
 evaluationmethodofβvalue,thetimedependenceHartree-Fock(TDHF)metho〔ihasbeen
used.Here,thetheoryandcalculationmethodhavealsobeenmentioned.
Chapter3StilbazoliumCations
 Thesecond-orderhyperpolarizabilities(β)valuesofstilbazoliumcations(4一(2一(4-
substitutedphenyl)vinyl)pyridinium)wereevaluatedexperimentallybytheHRSmethodand
 theoreticallybytheMNDO.PM3/TDHFmeむhod.Thisisthefirsttimeofsysむemaむlc
evaluationonβvaluesofionicmolecules.
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 TheβvaluesofsむilbazoliumcationsareseveraltimeslargerthanthoseofniLrostilbenes,
 whencomparedwiLhnon-ionicmoleculeshεしvingsimilarabsorptionmaximum.Amongthem,
halogenaLedstilbazoliumsshowedlargerβvaluesthantheunsubstitutedstilbazoiiumwith
similarcutoffwavelengthandabsorptionmaximum.Chlorinatedderivativewasanexception
 withcompara七ivelylargeβvalueinspiteofitsshortabsorptionmaximumwavelength,The
calculatedandexperimentalβvaluesofstilbazoliumcationsshowasimilardependenceon
 thesubstituents,i.e.theβvaluesgenerallyincreasewithincreasingelectron-donatinga.biliもy
 ofthesubsti七uentatphenylgroup,
Theoriginforenhancedβofstilbazoliumderivativeswasestimatedtobethelarge
differenceindipolemomentbetweengroundandexcitedstates.ThisresulLcanbeexplained
 intermsoftheverys七rongelec七ron.withdrawingabilityofthecationicpyridiniumring.
 ThecalculaむionprocedureusedinthissLudyseemstobeusefulfortheinvestigationofthe
βvaluesofionicorganicspeciesandforunderstandingoriginoftheirlargeβvalues.The
macroscopicsecond-ordernonlinearopticalcoefflcient40f(dimethylamino)stiibazoliumρ
toluenesulfonateshasbeencalculatedbyoriented-gasmodelusingtheβvaiuesof
(dimethylamino)stilbazoliumcationobtainedbyexperimentandca.lculation.Theresultsshow
goodagreementbetweenthecalculatedandreported4constallts.Itwasfoundthatthe
 experimen七alandcalculatedmethodsusedinthisstudyεlrereliableforobtainedβvalues.
Chapter4ExtendedConjugatedCations
Theelectronicstructuresal/dsecond-ordlerhyperpolarizabilities(β)ofextended
 conjugatedcationicmoユeculeswithvariousdonors,conjugatedbridges,andcationic
acceptors,havebeeninvestigatedbytheMNDO-PM3/TDHFmethod,andcomparedwith
nitrostilbenes.
Thestilbazoliumpolyeneanalogueswerefoundtohavelargeβvalues.Theβvaluesof
thesepolyeniccationsshowlεlrgerenhancementthannon-ionicnitrostilbenepolyene
 analogues.However,theinereaselssaturaむedyvhenthenumberofdoublebondsbecomes
largerthan8.Thisresultcouldbeexplainedbylimitingdistanceofthecommunicationof
electronsbetweendonorandacceptorgroups.Becausetheioniccompoundshavelargeβ
values,thepolyenicstiibazoliumcationsareexpectedtobeusedaselectro-opticmaterials
 foraPPlication、
 Thestilbazolium-basedcationswithfusedringforextendingπ'一conjugationsystem,4一(2一(4-
 substiむutedphenyl)viny1)quh/olilユium,4一(2一(6-substltuted-2.naphthyl)vinyl)pyridinium,6一(2一(4-
 substitutedphenyi)villy1)isoquinolinium,etc.,wereinvestiga七ed.Theelectronicstructuresin
 HOMOandLUMOofthesefusedrlngca七ionswerefoundtobeefficientfromthatnon-ionic
(dimethylamino)nltrostilbene(DANS).Thesecatiα/icmoieculeshavelarger△μthanDANS,
 andtheinverte〔iμgandμ、,couldbeobtaine〔iandbetunedbychanglngdonors,conjugated
 bridges,andcationicacceptors.lnordertolncreaseβvalues,π一conlugationextensionof
 accep七〇rpartsismoreeffectlvethanthatofconjugatedbrldges.Thecollaborationamong
 enhal/cingμ%2,△μ,andE尾2havetobenotedforobtainedlargeβvalues.Theseconjugatedl
 cationshavepoten七ia1βvaluesforobtainedthebestmoleculesandapPlicatiol/asmaterials
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 forsecon(i-ordernonlinearoPしics.
Chapter51nfluenceofSurroundingonSecond-OrderHyperpolarizabilityforCations
 Theenvironmentaユeffectsonelectronicstructuresandnonlinearopticalpropertiesfor
 stiibazoliumcationshavebeendemonstratedintwocases:Onewasthesolvenむeffecしandむhe
 o七heronewastheeffectfromcounteranion.
 Onthesolventeffect,thecaiculaむedresultsobLainedby施eMNDO-PM3/COSMOme七hod
 suggestthatthesolventeffecむforstilbazoliumcationsisstrongerthanfornon-ionic
 nitrostilbenederivatives,and七hemorestable就ructureingroundstateofstilbazoliumcation
 maybeob七ainedinpolarsolventsthaninvacuum.Theβvaluesofstilbazoliumcations
 decreasewithincreasingdielectricconstantsofsolvents.1tisadifferenむchangingtendency
 wiむhnitrostilbenederivatives.
Ontheotherhand,theeffectfromcounteranionwasalsodiscussedfor(dimethylamino)
 stilbazoliumcatlon(DAS+)onitsgeometries,elec七ronicstructuresandnonlinearop七ical
properties.ItwasclearlydemonstratedthatchangesinnonlinearopticalpropertiesofDA
 S+一basedzwit七eriondependingonthepositionofanioncenter.Forbothβan〔iγ,thebetむer
 selectionis七he七ypeputanioncenteronthehneob七ainedbyextrapolationofthebond
betweentheamino-substitutedcarbonofbenzeneringandnitrogenatominaminogroup,
 an(ithemosteffectivepoinLsforβandγareむhesedistancebe七weennitrogena七〇mat
 aminogroupandanioncenterof11.OAand4.8入,respectively.Thoughinpractice,wehave
 totakeintoεlccountlocalfieldfac七〇rs,thisldndoftheoreticalconsideraむionwmcons七iむute
 goodguidelinesfordesigningofzwitしerionsystems.
Chapter6BenzenesulfonateandBenzoateAnions
Theelectricpropertiesandlsecond-orderhyperpolarizabilities(β)ofbothbenzenesulfonate
 andbenzoateanionsalong・wi七htheirelectronicallyneutraldirectives,methylesters,for
comparison,havebeeninvestigatedbyexperimenLalmeasurementandbymolecularorbital
calCUlation.
 Benzenesulfonaむeanionswerefoundtohavecomparativelylargeβvaluesof10～20×10'3。
 esubymeasurementofthehyperRayleighscatむeringmethodirrespectiveofshortcutoff
 wavelengthwithinUVregion.Thecalcula七edresultsonelectronicstructuresof
 benzenesulfonateanionsshowtha七thesulfonategroupplaysaroleofdonor.Contraryto
 this,sulfonatemethylgroupofbenzenesulfonatemeむhylesむersplaysaroleofacceptor.The
 μvaluesofむhebenzenesulfonateanionsdecreaseandβvaluesincreasewithincreasing
 electronwithdrawingabiliLyofsubstituents.Sinceむhebenzenesulfonaしeanionswerefoundto
 hεしvecomparativelylargeβvalueandshortcuむoffwavelengLh,theyareconcludedtobe
worthinvestigatingaspotentialchromophoresforsecond-ordernonlinearopticalmaterials.
Ontheotherhand,benzoateanionswerealsofoundtohavecomparativelyiargeβvalues
 andshortcutoffwavelengths.Likethecaseofbenzenesulfonaもeanionsandbenzenesulfonate
methylesters,anioniccarboxylategroupbehavesasadonorinbenzoateanions,and
 methoxycarbonyigroupshowsweakelectronacceptingproper七y.Substituenteffecしatpαrα一
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 positionofthesederivativeswerediscussedinもhecontextofrelationshipbeLweenHammett
 eonstantandcalculatedvaluessuchas△ε,μandβ.MeむhylbenzoaLeswithaweak
 acceptoratpαrα一positionwerefoundtobepromisingforobtainingorganicsecond-order
 nonlinearoP七icalmaterialsofdio(ielasers.
Chapter7ChainedChromophores
 Anovelapproachtobreakthetradeっffrelationshipbe七weensecond-ordernonlinear
opticalpropertyandabsorptionwavelel/gthoforganicmoleculesandmaterialsisestablished.
 Thechainedchromophores,i.e.4-methoxybenzoa七eesterohgomers,aredesigneda.snonlinear
 optlcalaetivemoleculeswhichareexpectedtobeusedascねromophoresforpoledpolymers.
Whenthenonlinearoptlcalmoietiesarecombinedlinearlyinhead-to-tailmanner,theμand
 βwillbelinearlyenhancedwithincreasing七henumberofmoieties,几.Thus,theμβof
chainedchromophores,whichisaimportantfactordescribingefficiencyofmolecular
allgnmentinpolingprocess,willbecomeinton2μβ.ThecalculatedandexperimenLalresults
 supportedtheconceptthatもhechεlinedchromophoricsystemisactuailyusefultoenhance
polingefficiencyofpoledpolymers.
Chapter8Condusion
Theresu1LsanddiscussionsdescribedfromChapter3toChapter7aresummarized.
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 1論文審査の結果の要旨
i
【
 1光波マニピュレーション用素子材料として期待されている有機二次非線形光学材料の高性能なものを得
ヨ
 1るためには,まず,大きな二次分子超分極率βを持つ分子を設計,合成すること,そしてその分子を対称
}
 1心のない結晶にすること,さらにその分子が相互作用する光に対して吸収のないことが必要である。しか
ギ
 1しながら,これまで報告された有機分子は,特性と吸収の間にトレードオフ関係が存在するという問題点
}
 iがあった。
き
 1そこで本研究では,今まで検討されていなかったイオン性の有機π'共役化合物など新しい分子種を取り
}
 i上げ,実験・計算の両面でβを検討し,トレードオフ打破の可能性を明らかにすることを目的とした。
ぎ
 iその結果,(1)本研究で用いたβの計算法及び測定法,いずれも,信頼性が高いことを明らかにし,イオ
も
 1ン性化合物に対する分子設計法を初めて確立した。(2にれらの手法を用いて,同じ波長を持つ非イオン性
キ
 i分子種との比較を行った結果,イオン性分子種の方が数倍大きなβ値を持つことが分かった。(3にのよう
 1にイオン性化合物が従来のトレードオフ関係を打破できる原因を計算化学的に解析した結果,イオン性化
モ
 i合物では,基底状態と励起状態の双極子モーメントの差,△μが大きいためであることを明らかにした。
…
 1(4)本研究で確立した計算方法を用いて,合成可能で且つ高性能な新しいイオン性分子種を多々設計,提案
く
 1した。さらに,(5)イオン性分子種のβに及ぼす溶媒効果及びカウンターイオンの効果についても検討した。
 1(6)高分子分散用の色素として・蘇のトレザオフ関係を打破できる新しい分子ネ重(チェインドク・モファー)
 iを考案し・その臨を実証した・
 以上,著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示しており,よっ
 1て段宣明提出の論文は博士(理学)の学位論文として合格と認める。
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